A retrospective study of 15 thymomas in domestic animals showed four animals had antemortem signs of dyspnea and grossly visible lumps in the thoracic inlet. The neoplasms were single, multilobulated, encapsulated masses in the anterior mediastinum o r thoracic inlet. Cells with clear cytoplasm comprised the bulk of two canine thymomas, whereas the remaining neoplasms had a mixed population of ovoid and spindleshaped cells. There were lymphocyte populations of varying density in all thymomas. Three thymomas contained structures similar to hyalinized cells and Hassall's corpuscles of normal thymus. Metastatic lesions were not seen but there were implantations on the pericardium in one cat. There was capsular invasion in the ovine thymomas.
True thymomas, neoplasms with cells resembling epithelioid cells of the thymus, are rare in domestic animals. There have been only a limited number reported in the English literature. One report described one thymoma in a dog and in a review of the literature found five other cases in this species [15] . Three other reports have since noted one case each in dogs [4, 14, 
171.
A report on 18,000 pathologic specimens examined at the Onderstepoort Veterinary Research Institute in South Africa included reference to four bovine, two ovine, and one caprine thymomas [6] . In that report thymomas were considered to be 'tumors which arose from the parenchyma of the thymus, not stroma or infiltrating cells'. The neoplasm has been described in one bovine animal [l]. One of two thymomas in domestic cats consisted primarily of clear cells [lo, 121. Older literature on the subject must be viewed critically because the term thymoma at one time encompassed lymphoid neoplasms involving the thymus.
Materials and Methods
A retrospective study of 15 thymomas in domestic animals was done of cases in the files of the Registry of Veterinary Pathology. Six canine, one feline, five bovine, and three ovine tumors were included in the study. Formalin-fixed necropsy specimens were available. Histologic slides were prepared from paraffin-embedded blocks and stained with hematoxylin and eosin (HE). The periodic acid-Schiff (PAS) reaction, Bennhold's (Congo red) method for amyloid, tvlovat's pentachrome stain, and Mallory's phosphotungstic acid-hematoxylin method (PTAH) were done by standard techniques [lo].
Case Histories
The nine reasonably complete histories accompanying these 15 thymomas only occasionally mentioned a clinical syndrome that could be related to the thymic neoplasm. The dog with the largest neoplasm suffered from prolonged weight loss and sluggishness. One cat was reported to have been dyspneic and cyanotic. Radiographs of this animal showed a solid mass that extended from the first through the eighth ribs. Approximately 500 ml of serosanguineous fluid, later found to contain €scherichiu coli, were removed from the cat's thorax in an effort to alleviate the immediate clinical problem. One bull and one ewe each had a clinically detectable mass in the thoracic inlet. The tumor in the ewe had been growing steadily for 3 months and apparently had caused the ewe to become dyspneic when rolled onto her back. The bull, which was killed because of old age, had a number of lesions that were not related to the thymoma.
Gross descriptions varied because there were many contributors. Table I shows species, breed, age, sex, and prominent histologic features. All animals had a single mass either in the anterior niediastinum or at the thoracic inlet. All the canine, ovine, and feline tumors were in the anterior niediastinum, whilst those in bovine animals were at the thoracic inlet, often partially encircling the trachea and esophagus. Those neoplasms that were completely described in the histories were firm, lobulated, occasionally cystic structures that were yellow or gray on cut surface. Easily reduced adhesions of the tumor to the anterior pericardium were noted in one ewe, and more substantial adhesions to the anterior pericardium, trachea, and thoracic wall were seen in the feline case. The largest of the canine neoplasms partially encircled the dog's heart and weighed nearly 2 kg.
Results

Canine Neoplasms
The canine neoplasms had either sharply delineated multilobulated masses surrounded by a heavy fibrous capsule or, in parts of some neoplasms, a simple mesothelial surface. The density of fibrous trabeculae within the masses was generally proportional to the thickness of the capsule. Invaginations in the surface of the neoplasms often created the impression of mesothelium-lined cysts deep within the substance of the masses ( fig. 1 ). It was difficult to detect the lining of some spaces. The majority of these pseudocystic spaces were filled with homogeneous proteinic material and cellular debris. Two canine neoplasms contained peripherally located cysts lined by ciliated cuboidal epithelium similar to that in thyroglossal or ultimobranchial duct remnants ( fig. 2 ). These cysts were filled with homogeneous proteinic material containing acicular spaces and vacuoles of various sizes. The neoplasms usually had a substantial vascular supply, and necrosis was rare. Frequently there were multifocal aggregations of extravasated erythrocytes and hemosiderin-laden macrophages. All neoplasms had populations of well-differentiated lymphocytes that varied in density.
Two of the canine neoplasms were composed primarily of large cuboidal cells with optically empty or faintly acidophilic cytoplasm (clear cells) ( fig. 3) . Cytoplasmic boundaries of these cells were distinct and often slightly irregular. The central round to ovoid nuclei had a moderate amount of clumped chromatin. The presence and prominence of nucleoli in these cells varied considerably within each neoplasm. A substantial number of neoplastic cells had well-defined nuclear inclusions that seemed to be cytoplasmic nuclear invaginations. Mitotic figures were not seen.
There were few lymphocytes in areas formed mainly of optically empty or clear cells, whereas lymphocyte populations were sometimes dense where neoplastic cells had more evident cytoplasm. The more acidophilic cells occasionally were arranged radially around small arteries, forming perivascular pseudorosettes.
A peculiar feature of clear cell neoplasms was a sprinkling of mononuclear cells with large amounts of homogeneous, occasionally finely granular, amphophilic to slightly basophilic cytoplasm. The nuclei of these cells were eccentric, had a moderate amount of clumped chromatin, and usually did not contain a nucleolus.
The remaining four canine neoplasms were composed of intermixed populations of ovoid and spindle cells ( fig. 4 ). There were usually more spindle cells, but the individual ovoid cells were substantially larger. All ovoid cells had a small amount of indistinctly bounded acidophilic cytoplasm with little internal structure. Their nuclei were large and vesiculated, often with a central nucleolus. Spindle cells had a smaller amount of indistinctly bounded acidophilic cytoplasm and elongated vesicular nuclei with rounded ends. Some spindle cell nuclei had central or polar enlargements, with the enlarged areas being virtually indistinguishable from ovoid cell nuclei. Mitotic figures were not seen in either cell type.
In areas where ovoid cells predominated there were monotonous sheets of plump neoplastic cells with overlying populations of lymphocytes varying in number. The lymphocytes were so dense in one tumor that several sections had to be examined before a diagnosis could be made.
Areas of spindle cell predominance formed whorls and intersecting bundles of cells ( fig. 5 ). Tracts of spindle cells sometimes surrounded small packets of ovoid cells and lymphocytes.
Bovine Neoplasms
The five bovine thymomas each had a thick, fibrous capsule with proportionately heavy trabeculae that divided the neoplasms into large or small lobules ( fig. 6 ). Invaginations of the mesothelial surface into the parenchyma, similar to those in the canine neoplasms, were noted in four bovine thymomas. There were papilliferous proliferations of neoplastic cells into a space. The capsule of one mass was surrounded by a band of fatty tissue. This particular neoplasm also had multiple aggregations of fat cells within the trabeculae. The capsule of one thymoma appeared continuous with the capsule of an adjacent lymph node, but invasion of the lymph node was not seen. Large areas of one tumor consisted mainly of acellular collagenous material. The neoplasm from the bull had subcapsular accumulations of fibrin that appeared as loosely woven fibrils of eosinophilic PTAH-positive material. Accumulations of such material deeper within the mass were not as distinctly fibrillar but were similar in other respects. Necrosis and hemorrhage occurred in four of the five neoplasms, and hemosiderin-laden macrophages were numerous near trabeculae.
There was substantial mineralization, usually adjacent to trabeculae, in two bovine thymomas. Aggregations of rounded, concentrically laminated bodies varying in size (from 40 to 100 pm in diameter) and irregular in outer contour were seen in one neoplasm ( fig. 7) . These bodies usually had concentric narrow lines of granular basophilic material separated by wider bands of homogeneous acidophilic to amphophilic material. These mineralized bodies were often surrounded by a halo.
The bovine neoplasms had ovoid and spindle cells similar to those in the canine thymomas. Ovoid cells predominated in four neoplasms. The fifth neoplasm had ovoid and spindle cells in almost equal numbers. Sections from different areas of this neoplasm sometimes consisted almost entirely of one or the other cell type, as opposed to the more intimate intermixing of cell types in the other bovine and canine thymomas. The areas of purely spindle cells were loosely woven.
The density of lymphocytes varied among neoplasms and within sections of a single neoplasm. Lymphocytes were most dense around blood vessels inset at higher magnification. HE. and stromal elements. They obliterated underlying neoplastic cells in an occasional section. There was no discernible association between density of lymphocyte population and predominating neoplastic cells in local areas. Eosinophils were common in all bovine thymomas.
Ovine Neoplasms
The three ovine tumors were heavily encapsulated lobulated masses with thick trabeculae. Though generally similar to bovine thymomas, each had some variation in subgross morphologic features. In one neoplasm the ovoid cell background was often obscured by a dense population of lymphocytes. Fibrovascular bundles within the lobules of another were surrounded by a broad band of lymphocytes that gradually blended into the surrounding neoplastic cells.
The neoplastic cells of each mass were ovoid and spindle-shaped comparable to those in the canine and bovine thymomas. As in the bovine neoplasms, ovoid cells tended to predominate. All three neoplasms contained a large number of distinctive homogeneous acidophilic spherular structures that were comparable to the keratinized cells in normal thymus ( fig. 8 ). Although usually anucleate, the spherules sometimes contained one to three round to ovoid nuclei with irregular borders and finely clumped chromatin ( fig. 9) . Degenerated nuclei were not uncommon. An occasional partially mineralized spherule resembled the laminated mineralized bodies seen in bovine thymomas. There were eosinophils throughout the cellular parts of the neoplasms but they were particularly common near the spherular bodies.
Another distinctive feature of the ovine neoplasms was well-delineated nests of neoplastic cells within the capsule ( fig. 10 ). One neoplasm had lobules of fibrous tissue with nests of neoplastic cells. Lymphocytes sometimes were in the larger nests, but eosinophils and spherular bodies were restricted to the center of the neoplasms. We did not see metastatic tumors in other organs.
Feline Neoplasm
The feline thymoma had a very thick, fibrous capsule and was divided into large lobules by heavy fibrous bands. Parts of some sections consisted primarily of collagenous tissue with small nests of neoplastic ovoid cells. Blood-filled cystic spaces lined by mesothelium and surrounded by thick, fibrous bands were below the capsule. Other areas of degenerating blood did not have a readily discernible lining. There was no necrosis.
The neoplastic part of the mass had ovoid and spindle-shaped cells similar to those in other species. These cells were in a random mixture of small cellular aggregates, rather than in bundles, as in canine thymomas. Aggregations of lymphocytes obscured the nature of the neoplastic cells in a few areas. Small aggregations of neoplastic cells were implanted upon the surface of the pericardium, but metastasis to distant locations was not seen.
Discussion
The main body of the human thymus develops from epithelial cells that grow from the third pharyngeal pouches into the surrounding mesenchyma [5] . Other small thymic masses, which arise later in the region of the fourth pouches, are frequently seen in human embryos, but their exact origins have not been traced [2] . The bilaterally symmetrical thymic masses are drawn downward into the anterior mediastinum, where incomplete fusion occurs. Bits of thymic tissue occasionally break off during the descent. This may be why there are thymic neoplasms in the lower part of the neck in man [3] .
The thymus continues to increase in size from birth through puberty and then begins to regress. This organ never completely disappears [2, 3, 51, but diligent search is sometimes required to find its remnants in aged mammals.
Several authors have attempted to relate the histologic appearance of human thymomas to stages in thymic embryogenesis or maturation. In one study 60 human thymic neoplasms were placed into five groups : epidermoid, those having oval and spindle-shaped cells, lymphoepitheliomatous, granulomatous, and undifferentiated [16] . The latter was the largest single group. Another classified 107 human thymomas as lymphoid, spindle cell, epithelial, rosette or pseudorosette, granulomatous, and seminoma-like, with the latter three groups comprising a minor percentage of the total [9] . Animal thymomas in one case report were considered to be either predominately lymphocytic or predominately epithelial [7] .
Most authors emphasized the consistent presence of a lymphocyte population varying in density and the variation in predominant cell type from region to region within the same neoplasm. These observations were supported by our study. One survey report of human thymomas stated that most contain apparently normal lymphocytes and directed attention to the epithelioid cells, which were considered to be basically ovoid or spindle shaped [3] . Some of these ovoid cells had clear cytoplasm, but neoplasms consisting primarily of such clear cells were not described. It has been stated that lymphocytes are to be expected in animal thymic neoplasms and that the term 'lymphoepitheliomatous' should be reserved for those neoplasms in which both the epithelioid and lymphoid cells are neoplastic [13] . If such a situation did exist, the neoplastic lymphoid cells would probably obscure the neoplastic epithelioid cells, thus rendering a true lymphoepithelioma virtually indistinguishable from a thymic lymphosarcoma.
Some consider that a corticomedullary arrangement with keratinized cells and Hassall's corpuscles indicates thymic hyperplasia as opposed to neoplasia [3] . If the spherules in ovine neoplasms are maturative stages, these masses would more properly be considered hyperplastic. The nests of epithelioid cells within the surrounding fibrous capsules were considered to be invasive, however, and rendered the diagnosis of hyperplasia untenable in our cases. The spherular bodies in ovine thymomas were similar in many ways to the mineralized bodies and basophilic cells of bovine and canine thymomas, respectively. Most reports of thymomas in domestic animals refer to structures similar to Hassall's corpuscles. All these structures probably represent stages in maturation of epithelioid cells. Some maturation in the cells of the thymic neoplasm should be no more unexpected than is keratinization of squamous carcinoma cells.
Undue emphasis should not be placed on what at first glance may appear to be clear-cut trends in the animal descriptions in table I. Canine thymomas were only in male dogs because all five were from military working dogs, and more than 90% of these dogs are male. Little credence can be given to the number of thymomas in female cattle and sheep because there were more females in our domestic population. The finding of thymomas in older adult cattle and sheep is significant and is impressive when one considers that most cattle and sheep are slaughtered when young.
Because of the small number of cases there were no statistically significant conclusions; however, some trends were noted. The five bovine thymomas occurred in the posterior cervical area or thoracic inlet, whereas those of other species were in the anterior mediastinum. This is supported by the canine and bovine case reports included in the literature review.
Gross differentiation between thymic lymphoma and thymoma in cattle may be difficult. All the bovine thymomas in this study were in adult animals; therefore, the occurrence of thymic lymphoma in cattle of approximately 6-24 months old reported in one study would be of some diagnostic significance [8] . All bovine thymomas in our study had a heavy fibrous capsule, an unusual feature in thymic lymphomas. Involvement of lymph nodes in other parts of the body would be a most significant negative finding with regard to the diagnosis of true thymoma in any species.
Eosinophils, which figure quite prominently in much of the human literature on thymomas, were common only in bovine and ovine thymomas. The basophilic cells in the canine neoplasms were comparable to cells previously described [13] . The apparent prominence of these cells in neoplasms composed primarily of clear cells is probably because of the contrast to their surroundings. Such cells were seen only in canine thymomas, though the spherular bodies seen in ovine thymomas were obviously cellular in nature, and many were similar to canine basophilic cells.
Metastatic lesions were not seen in the neoplasms reviewed in this study, although a canine thymoma is reported to have undergone metastasis and transcoelomic implantation [14] . Capsular invasion was a prominent feature in all three ovine thymomas in this study, and there were implantations of neoplastic cells upon the pericardium in the feline thymoma.
